Objective: This study is to examine the relationship between dietary selenium intake and 24-h urinary selenium excretion in Japanese population samples participating in the INTERMAP Study. Methods: Using highly standardized methods, we assessed individual dietary selenium intake from four 24-h dietary recalls and measured urinary selenium excretion in two timed 24-h urine collections in 1145 Japanese participants (574 men and 571 women) ages 40-59 years in four areas of Japan. Results: The medians of dietary selenium intake were 177.5 mg/day in men and 139.8 mg/day in women; the medians of 24-h urinary selenium excretion were 127.9 mg/day in men and 109.4 mg/day in women, that is, urinary excretion was estimated to be 73% of dietary intake in men and 77% in women. Dietary selenium intake was significantly correlated with 24-h urinary selenium excretion (r ¼ 0.24 in men, r ¼ 0.18 in women; Po0.001). With dietary selenium intake and urinary selenium excretion expressed per kg of body weight, values were similar for men and women (dietary intake, 2.7 mg/kg body weight in men and 2.5 mg/kg body weight in women; urinary excretion, 2.0 mg/kg body weight in men and 2.0 mg/kg body weight in women). Conclusion: Dietary intake and 24-h urinary excretion of selenium are related in the Japanese adult population.
Introduction
Selenium is an essential trace element with defined deficiency and toxicity states in humans (Schwarz and Foltz, 1957; Lockitch, 1989) . Selenium is known to be a component of glutathione peroxidase (Rotruck et al., 1973; Shamberger, 1986) , an enzyme with antioxidant activity. Another important function of selenium was identified in thyroid metabolism as a part of iodothyronine 5 0 -deiodinase (Behne et al., 1990) . Keshan disease is famous as an endemic fatal cardiomyopathy found in areas of China where dietary selenium deficiency is common (Yang et al., 1984) , and epidemiological studies suggest relationships of selenium status to risks of cardiovascular diseases and cancers (van den Brandt et al., 1994; Neve, 1996; Alissa et al., 2003) . Also, selenium has been reported to increase the resistance to infection (Kiremidjian-Schumacher et al., 1996) .
The food content of selenium depends critically on the selenium content of the soil or the sea where plants are grown or animals raised, hence large geographical variation in dietary selenium intake has been reported (Thomson and Robinson, 1980; Ovaskainen et al., 1993) . Twenty-four hour urinary selenium excretion has been reported to be one of the most discriminating indicators of selenium intake (Hawkes et al., 2003) . However, few population-based studies have simultaneously investigated dietary selenium intake and 24-h urinary selenium excretion. Some previous reports showed sex differences in serum selenium concentrations (Kafai and Ganji, 2003) , but differences in urinary selenium excretion by gender have not been investigated in populationbased studies.
Here we report findings on dietary selenium intake, 24-h urinary selenium excretion and their relationship in more than 1000 Japanese adults participating in the INTERMAP Study. The INTERMAP Study is a highly standardized crosssectional international epidemiological investigation of the relationship between macro-and micro-nutrients and blood pressure (Stamler et al., 2003b) .
Methods
Participants and nutrition survey Methods of the INTERMAP Study have been reported in detail Stamler et al., 2003b) ; a brief description is given here. The INTERMAP Study is an international cooperative multisample cross-sectional population study of men and women ages 40-59 years in four countries (Japan, Peoples Republic of China (PRC), UK and US), designed to advance knowledge on the influence of dietary factors on blood pressure. In 1996-1999, 4680 participants were recruited from 17 population samples with diverse ethnic and sociodemographic backgrounds (four Japan, three PRC, two UK and eight US samples). In Japan, the four samples were from north to south: Sapporo (in the Hokkaido Island), Toyama (in the Honshu Island facing the Japan Sea), Aito Town (in the Honshu Island, near Kyoto) and Wakayama (in the Honshu Island, south of Osaka). At each research center, a population-based sample of approximately 300 people was randomly selected from a population list, and stratified by age and gender to give approximately equal numbers. In 1996-1998, a total of 1145 Japanese people (574 men and 571 women) completed the INTERMAP survey with collection of all stipulated data, including on dietary selenium. All participants gave written consent; institutional review boards or ethic committees gave prior approval for the work of all study facilities.
Each participant attended the local research center four times, with two visits on consecutive days, followed 3-6 weeks later by another two visits on consecutive days.
Dietary data were collected at each visit using the multipass 24-h recall method Stamler et al., 2003b) . One of the four dietary recalls was for a weekend or other day of no work or a day off, to include effect of possible variation in diet during day off. All foods and drinks consumed in the previous 24 h, including dietary supplements, were recorded by a trained dietary interviewer. The INTERMAP Japan, 1986 Japan, , 1987 Japan, , 1991 Japan, , 1992 Suzuki and Tanushi, 1993; Schakel et al., 2003) . Dietary nutrient intakes were calculated as the average of the four 24-h dietary recalls. Nutrients included total energy, total protein, animal protein, vegetable protein, amino acids, total fat, saturated fatty acids, monounsaturated fatty acids, polyunsaturated fatty acids, individual fatty acids, cholesterol, total carbohydrate, starch, sugars, fiber, vitamins, sodium, potassium, alcohol, calcium, magnesium, iron and selenium.
Timed 24-h urinary excretion of selenium Two timed 24-h urine collections were completed. After detailed instructions to the participant, a timed collection was started at the research center on the first and third visits, and completed at the center on the following day. Collections were rejected if their duration fell outside the 22-26 h range, if the participant responded that collection was incomplete, or that 'more than a few drops' of urine had been lost or if total urine volume was less than 250 ml. When a urine collection was rejected, the participant was asked to repeat the collection. All urine from a 24-h collection was combined, mixed thoroughly by vigorous stirring, volume measured, and several aliquots taken and stored locally at À201C. Frozen aliquots were periodically sent by air to the Central Laboratory, Leuven, Belgium for measurement of urinary sodium, potassium, calcium, magnesium, urea, creatinine, and so on. Biochemical methods, quality control procedures and technical errors of analyses have been reported (Stamler et al., 2003b) .
Urinary selenium was measured at Iwate Medical University, Japan by mass spectrometry with inductively coupled argon plasma excitation (ICP-MS) using a Perkin-Elmer SCIEX ELAN 6000 ICP-MS (Perkin-Elmer SCIEX Instruments, Concord, Ontario, Canada) equipped with a Ryton spray chamber and cross-flow nebulizer. The working curve for quantification used the standard addition method. Operating conditions were as follows: RF power 1100 W and nebulizer gas (Ar) flow rate 0.9 l/min. The analytical blank for all samples averaged 7.1 pmol Se. The detection limit of the method (defined as the mean of the analytical blank plus two times standard deviation) was 12.0 pmol Se. Quality control was maintained by regular determinations of in-house reference pools of urine, used for day-to-day precision of the urine selenium measurements. The intra-assay coefficients of variation for analyses of the in-house reference pools were between 2 and 12% (20 assays for 4 months).
Statistical analyses
All analyses were performed separately for men and women. Mean values of baseline characteristics were calculated and differences by gender were compared using Student's t-test. Arithmetic means, geometric means and 5, 25, 50, 75, 95 percentiles were calculated for 24-h urinary selenium excretion, total and per kilogram (kg) of body weight, and for dietary selenium intake as a total, per kg of body weight, and per 1000 kcal of energy intake. Because some of these values were not normally distributed even after log-transformation, MannWhitney test was used to examine sex difference. A frequency distribution was drawn for 24-h urinary selenium excretion and dietary selenium intake. Spearman correlation coefficients were calculated to check the reproducibility of urinary selenium excretion between the first and the second urine collections and to assess relationship between urinary selenium excretion and dietary selenium intake. Statistical analysis was performed using the Statistical Analysis System (SAS Institute Inc., Cary, NC, USA).
Results

Descriptive statistics
Complete data sets were collected for 1145 participants, 574 men and 571 women (Table 1) . Mean ages of men and women were 49.5 and 49.2 years. Total energy intake was 2278 kcal/day for men and 1799 kcal/day for women. Energy percentages of vegetable protein, total fat, saturated fatty acids, monounsaturated fatty acids, polyunsaturated fatty acids and total carbohydrate were significantly higher in women than men (Po0.001). Daily intakes of magnesium and iron were significantly higher in men than women (Po0.001). Urine volume and urinary sodium excretion were significantly higher in men than women (Po0.001).
Dietary selenium intake and 24-h urinary selenium excretion The medians of selenium intake in men and women were 177.5 and 139.8 mg/day, respectively (Table 2) . Maximum recommended intake of selenium in Japan is 350 mg/day (Ministry of Health, Labour, and Welfare, Japan, 2005); 3.8% of men and 0.9% of women exceeded this limit. From the distribution of selenium intake (Figure 1 ), peaks in men and women were located around 120-140 and 80-120 mg/day, respectively. When selenium intake was expressed per kg of body weight, these peaks approximated each other (Figure 1 ). The medians of 24-h urinary selenium excretion in men and women were 127.9 and 109.4 mg/day, respectively. Peaks of their distribution in men and women were located around 100-120 and 80-100 mg/day, respectively (Figure 2 ). When urinary selenium excretion was expressed per kg of body weight, these peaks approximated each other (Figure 2 ). Based on data on each person, the medians of ratio urinary excretion/ dietary intake per day ( Â 100) were 73% in men and 77% in women (Table 2 ). Sex differences were statistically significant for dietary selenium intake per day (Po0.001), urinary selenium excretion per day (Po0.001) and urinary selenium/ dietary selenium ratio (P ¼ 0.026). Dietary selenium intakes per kg body weight were similar by sex, but the difference was significant (P ¼ 0.025). Dietary selenium intake per 1000 kcal and urinary selenium excretion per kg body weight were not statistically different by sex (P ¼ 0.880 and 0.282).
There were significant positive correlations between the first and the second 24-h urinary selenium excretion for both men (r ¼ 0.29, Po0.001) and women (r ¼ 0.38, Po0.001).
Correlations for first and second urinary selenium expressed per kg body weight were similar to the foregoing (r ¼ 0.25, Po0.001, men; r ¼ 0.36, Po0.001, women).
Correlation between selenium intake and 24-h urinary selenium excretion Significant correlation was found between dietary selenium intake and 24-h urinary selenium excretion, both in men (r ¼ 0.24, Po0.001) and women (r ¼ 0.18, Po0.001) ( Table 3) . 
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Scatter plots are shown in Figure 3 . Significant correlation was also found between selenium intake per kg body weight and urinary selenium excretion per kg body weight, both in men (r ¼ 0.23, Po0.001) and women (r ¼ 0.19, Po0.001).
Correlation coefficients adjusted for age and center were also similar to the foregoing (data not shown).
Discussion
In this study, ancillary to the INTERMAP Study, we measured 24-h urinary selenium excretion in free-living individuals from four Japanese population samples and found that it was significantly related to dietary selenium intake. This is Dietary intake and urinary excretion of selenium S Yoneyama et al the first survey to employ highly standardized methodsassessing individual dietary intake from four 24-h dietary recalls, and measuring urinary excretion in two timed 24-h urine collections. The concentration of selenium in toenails and in blood and the urinary excretion of selenium have been reported to be good indicators of dietary selenium intake (Hunter et al., 1990; Swanson et al., 1990; Ovaskainen et al., 1993) . Longnecker et al. (1996) examined the validity of various measurements of selenium status as a surrogate measure of dietary selenium intake for free-living people in South Dakota and Wyoming. In their study, concentrations in whole blood and serum were almost equally good measures of long-term intake (r ¼ 0.78 and 0.74, respectively), and that in toenails was also a good measure (r ¼ 0.67). Recently, Hawkes et al. (2003) reported observations on selenium metabolism in healthy male volunteers continuously fed conventional foods naturally low and high in selenium while living in a metabolic research unit for 17 weeks, and urinary selenium excretion increased within 3 days after starting high selenium diet and continued to increase gradually. They showed that daily urinary selenium excretion was the most discriminating indicator of shortterm selenium intake compared to concentrations in plasma or red blood cell. The reports from South Dakota and Wyoming showed that 24-h urinary selenium excretion was 65-79% of dietary selenium intake (Swanson et al., 1990; Longnecker et al., 1996) . In our study, urinary selenium excretion was 73% (men) and 77% (women) of dietary selenium intake, which is similar to previous studies in populations with relatively high selenium intake. Also, there were significant correlations (of order 0.2-0.3) of 24-h urinary selenium excretion between the first and the second urine collections, 3-6 weeks apart, and between dietary intake and 24-h urinary excretion. These loworder correlations probably reflect attenuation due to measurement limitations, for example, day-to-day variability in selenium intakes (and hence urinary excretion) and errors associated with dietary recall and use of standard food tables to assign selenium values to food items. Overall, our data suggest that urinary selenium excretion is a valid and relatively stable indicator of short-term dietary selenium intake, although their correlation was relatively weak.
The selenium content of any particular food item varies with the selenium concentration in the soil or the sea where the plant or animal grows (Thomson and Robinson, 1980; Ovaskainen et al., 1993; Hawkes et al., 2003) . For example, in South Dakota, USA, where the selenium content of the soil is high, the selenium content of beef and wheat is high (Hawkes et al., 2003) . On the other hand, in New Zealand, where the selenium content in the soil is extremely low, the selenium content of beef and wheat is low (Thomson and Robinson, 1980) . Therefore, valid estimation of selenium intake is difficult using calculations based on standard food Dietary intake and urinary excretion of selenium S Yoneyama et al tables (Levander, 1986) . Recruiting of participants from four different areas in Japan is a strength of the present study, because the average selenium content in various foods in the four areas should approximate values in the Standard Tables in Japan. Therefore, our evaluation of dietary selenium intake is considered reasonably valid, an inference supported by the significant relation between dietary and urinary selenium.
In South Dakota, the selenium intake of men (2.6 mg/kg body weight) was marginally significantly higher than that of women (2.0 mg/kg body weight) (P ¼ 0.05), but there was no significant difference between 24-h urinary selenium excretion per unit of body weight in men (21.5 nmol/kg body weight) and women (20.3 nmol/kg body weight) (Swanson et al., 1990) . In our study, there were only minor differences in selenium intake per kg of body weight and no difference in 24-h urinary selenium excretion per kg of body weight between men and women. Although dietary selenium intake in South Dakota was higher than that in Japan, dietary selenium intake and urinary selenium excretion per kg body weight in Japan was higher than that in South Dakota. Japanese people consume more selenium per kg body weight than do residents of South Dakota, one of the seleniferous areas in the United States. These results suggest that it is reasonable to evaluate selenium intake (or urinary selenium excretion) based on amounts per kg of body weight. Especially since discussions on sex difference in selenium status are still controversial (Kafai and Ganji, 2003) , it seems relevant to emphasize that our results show intake and urinary excretion to be similar in men and in women when evaluated per unit of body weight.
The INTERMAP Study has already reported results of its nutrition survey for selenium intake per day in samples from the four countries (Japan, PRC, UK and US): 40 mg in men and 28 mg in women in PRC; 110 mg in men and 77 mg in women in the United Kingdom; 153 mg in men and 109 mg in women in the United States. Japanese men and women showed the highest selenium intake among these four countries (Stamler et al., 2003a; Zhou et al., 2003) . Yoshita et al. (1998) reported that the main sources of selenium intake in Japan were fish, shellfish, eggs and meat. Further investigation about sources of selenium intake is needed.
In conclusion, the present study examined the relationship between dietary selenium intake and 24-h urinary selenium excretion in the Japanese adult population ages 40-59 years, and showed that: (1) dietary selenium intake was significantly correlated with 24-h urinary selenium excretion; (2) in Japanese people, with high average selenium intake, urinary excretion is about 75% as high as dietary intake; (3) dietary selenium intake and urinary selenium excretion per kg body weight were similar in men and women; (4) two timed 24-h urinary selenium excretions 3-6 weeks apart in these individuals were significantly correlated with each other.
